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(57) ABSTRACT 
A composite MOS transistor in a substrate of a first 
conductivity type comprises a gate electrode (G1), a 
first main electrode (A1) and a second main electrode 
(A2) in a substrate area (60). An auxiliary switch com 
prising MOS transistors (52, 53) in the substrate area, 
selectively provides a low impedance path between the 
substrate area and the lowest potential of the first and 
second main electrodes. 

10 Claims, 4 Drawing Sheets 
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Figure 2 PRIOR ART 
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Figure 4 PROR ART 
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COMPOSITE MOSTRANSISTOR AND 
APPLICATION TO A FREE-WHEEL DIODE 

BACKGROUND OF THE INVENTION 

The invention relates to the field of semiconductors 
and more particularly to MOS transistors. It especially 
applies to power MOS transistors. 
More particularly, the invention relates to a compos 

ite MOS transistor, the substrate of which is automati 
cally connected to the lowest of the potentials applied 
to its two main electrodes (source and drain). 
On the other hand, the invention relates to an applica 

tion of the component according to the invention to a 
free-wheel diode structure, of the active diode type, 
that can be made in monolithic form on a chip also 
comprising a power MOS transistor of the vertical dif 
fused MOS (VDMOS) type, or equivalent. 

Before describing the invention, the problems en 
countered for implementing a free-wheel diode in tech 
nologies using vertical diffused MOS transistors and 
lateral logic MOS transistors on the same integrated 
circuit chip are described. 

First, FIG. 1 shows the connection of a power switch 
1 and a load 2 across a d.c. supply 3. Conventionally, in 
case load 2 is an inductive load, a diode 4, called free 
wheeling diode, is connected in series with the power 
switch and in parallel with the load; this diode is de 
signed to let the inductive current of the load flow 
when the switch is switched off, and is reverse biased 
with respect to the current flow direction when the 
main switch 1 is switched on. The free-wheel diode 
prevents substantial overvoltages when the main switch 
1 in series with the load abruptly switches off. 
The users of power switch generally wish to have this 

free-wheel diode 4 integrated in the same semiconduc 
tive chip as the power switch. 
FIG. 2 is a very schematic section view of such a 

free-wheel diode integrated on the same chip as a 
VDMOS and transistors forming a control circuit. 
As shown on FIG. 2, this technology uses a substrate 

comprising an N-type lower layer 10 and an N-type 
layer 11. In the N-type layer 11 are formed numerous 
cells of the power MOS transistor, one of which is 
schematically shown and referenced 12. Each cell of 
the power transistor comprises P diffusion areas 13 
wherein N areas 14 are diffused. A source metallization 
15 contacts the areas 14 and the P area 13 which sepa 
rates them. A gate metallization (polysilicon) 16 permits 
opening of the channels in the lateral portions of the P 
areas so that a conduction path is established between 
the source electrode 15 and a drain metallization 17 
formed on the rear surface of the component. 
There are also in this structure one or several P-type 

well(s) 20 wherein are formed MOS transistors 21 per 
mitting a control circuit to be made. 
A conventional method for realizing a monolithic 

free-wheel diode consists in carrying out in a P-type 
well 30, analogous to the wells 20 comprising the con 
trol circuits, an N diffusion 31 and a Ph contact 32, 
associated with metallizations 33 and 34, respectively. 
Metallization 33 is connected to the source metalliza 
tion 15 and to the first load terminal and metallization 
34 is connected to the other load terminal and to the 
negative terminal of the supply source 3, the positive 
terminal of which is connected to drain D. 
The equivalent circuit diagram of FIG. 2 is illustrated 

in FIG. 3, wherein load 2, current source 3 and power 
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2 
transistor 12 are shown again. The N junction P be 
tween areas 31 and 32 corresponds to the emitter-base 
junction of a NPN-type parasitic bipolar transistor 35, 
the collector of which corresponds to layers 11 and 10 
of FIG. 2 and is consequently connected to the drain D 
of the power transistor 12. As a result, during the free 
wheel diode operation, a substantial power dissipation 
occurs in that parasitic transistor 35 and the parasitic 
currents may impair the control circuits. The conven 
tional methods for reducing the gain of this parasitic 
bipolar transistor are inadequate due to the high current 
liable to flow through the load. 
To palliate this drawback, it has been devised in prior 

art to realize structures of the "active diode' type, that 
is, controlled structures, selectively conductive or non 
conductive according to the polarity of the voltage 
across their terminals. 
Such an active diode structure is illustrated on FIG. 

4. It comprises the same components labelied with the 
same references as those of FIG. 3 with the addition of 
a MOS transistor 40 in parallel with load 2 controlled in 
opposition with respect to power transistor 12. Thus, 
this transistor 40 is blocked when transistor 12 is con 
ductive, and conductive when transistor 12 is blocked. 

This method seems a prorisatisfactory; however, in 
the structures of the above described type, there re 
mains a parasitic bipolar transistor 35. Indeed, transistor 
40 is for example made in the way illustrated in FIG. 5: 
it is formed in a well 41 analogous to well 30 of FIG. 2 
and comprises a drain area 42 and a source area 43 
connected by a metallization to a P-type overdoped 
area 44 establishing a contact with well 41. A gate is 
provided between the drain and source regions. Load 2 
is connected between the metallizations of drain 45 and 
of source 46. As in FIG. 2, the drain metallization 45 
will be connected to the source 15 of the power transis 
tor. However, as shown in FIG. 4, there remains a 
parasitic transistor 35, the emitter of which corresponds 
to region 42, the base to the well 41 and the collector to 
the power transistor drain. Normally, this parasitic bi 
polar transistor 35 is inactive when MOS transistor 40 is 
conductive (during the free-wheel operation). How 
ever, to enable transistor 35 to remain blocked, the 
voltage drop across the terminals of transistor 40 has to 
be lower than the emitter/base voltage drop of a bipolar 
transistor, that is, about 0.7 volt. This implies a low 
resistor at the conductive state of the MOS transistor 40 
and therefore a substantial surface thereof, which one 
tries to avoid in the realization of a component. 
Thus, the two solutions of the prior art, respectively 

shown in FIGS. 2 and 5, cause the presence of a para 
sitic bipolar transistor, the effects of which are damag 
ing except, in case of FIGS. 4 and 5, if one chooses to 
lose a large silicon surface. 
Moreover, in both cases according to the above men 

tioned prior art, during the free-wheeling operation, it is 
not possible to rapidly dampen the current, the latter 
being limited only by the internal resistance of the load 
which is often very weak. Indeed, even in case of FIGS. 
4 and 5, if the resistance of the MOS transistor 40 is 
increased, this causes conduction of the base/emitter 
diode of the bipolar transistor 35, and therefore the 
switching of this transistor into the conductive state. 

Lastly, another drawback of those arrangements ac 
cording to the prior art lies in the fact that, in case of an 
accidental polarity reversal of the current source 
(which is a non negligible risk for example in case of a 
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circuit connected to a car battery), the current is not 
limited in any way and can flow through the free-wheel 
diode and through the diode existing inherently in par 
allel on the power transistor 12 (this diode is connected 
between the metallization of drain 17 and of source 15 
which is also in contact with the P-type region 13 (see 
FIG. 2)). 

SUMMARY OF THE INVENTION 

The invention provides for a composite MOS transis 
tor with a substrate connection switching. 
This composite MOS transistor made on a substrate 

of the first conductivity type comprises a gate elec 
trode, a first main electrode, a second main electrode 
and a substrate area, as well as means for connecting to 
the substrate area the first or second main electrode, 
whichever has the lowest voltage. 

In an embodiment according to the invention, the 
first and second main electrodes are respectively con 
nected to a first main terminals of first and second auxil 
iary MOS transistors, the second main terminals of 
which are connected to the substrate; the gates of the 
first and second auxiliary transistors are controlled by 
the output of a voltage comparator, the inputs of which 
are connected to the main electrodes of said composite 
transistor; whereby, the main electrode of said compos 
ite transistor which is at the lowest voltage is automati 
cally connected to the substrate. 

This transistor is liable of numerous applications 
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which will be apparent to those skilled in the art. One of 30 
those applications is the use of such a transistor as an 
active diode replacing the MOS transistor 40 described 
in relation with FIGS. 4 and 5. Then, the three above 
mentioned drawbacks of the devices according to the 
prior art are avoided. 

BRIEF DISCLOSURE OF THE DRAWINGS 

The foregoing and other objects, features and advan 
tages of the invention will be apparent from the follow 
ing detailed description of preferred embodiments as 
illustrated in the accompanying drawings wherein 
FIGS. 1-5, illustrating the prior art, have been de 

scribed hereinabove; 
FIG. 6 shows in the form of a circuit diagram the 

general aspect of the composite MOS transistor accord 
ing to the invention; 
FIGS. 7A and 7B are more detailed circuit drawings 

showing a composite MOS transistor according to the 
invention; 
FIG. 8 is a section view of a semiconductive layer 

illustrating a schematic embodiment of a composite 
MOS transistor according to the invention; 
FIGS. 9 and 10 are equivalent and simplified section 

views of FIG. 8 according to the polarization applied to 
the composite MOS transistor according to the inven 
tion; and 
FIGS. 11 and 12 are drawings of a circuit illustrating 

the use of a composite MOS transistor according to the 
invention in a free-wheel diode application. 

Generally speaking, as conventional in the field of the 
integrated circuit representation, it will be noted that 
the various drawings are not drawn to scale either in 
side one figure or from one figure to the other, and in 
particular the thicknesses of the various layers are arbi 
trarily drawn in order to facilitate the legibility of the 
drawings. 
As shown in FIG. 6, the invention relates to a com 

posite MOS transistor comprising main terminals A1 
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4. 
and A2 (which will alternately correspond to a source 
and a drain function) and a gate G1. This composite 
MOS transistor comprises a main MOS transistor 50 and 
switching means 51 for connecting its substrate (that is, 
the layer in which are formed its source and its drain 
and in a portion of which is formed under the gate 
influence a channel region) to either of its terminals A1 
and A2 and, more precisely, to the terminal which has 
the lowest voltage. 

FIG. 7A shows an embodiment of the switching 
device 51. The substrate terminal of the main MOS 
transistor 50 is connected to the substrate terminals and 
to the first main terminals of the auxiliary MOS transis 
tors 52 and 53, the other main terminals of which are 
respectively connected to terminals A1 and A2. The 
gates of auxiliary transistors 52 and 53 are controlled by 
the output of a comparator 54, directly as regards MOS 
transistor 53, and through an inverter I as regards tran 
sistor 52. Comparator 54 compares the voltages across 
terminals A1 and A2. Thus, automatically, the substrate 
terminal 51 is connected to the terminal A1 or A2 
which has the lowest voltage. 

FIG. 7B shows an embodinent of the inverter-com 
parator set drawn in the form of blocks in FIG. 7A. This 
FIG. 7B again shows the main transistor 50 and the 
auxiliary transistors 52 and 53. The gate of transistor 52 
is connected to the drain of a transistor T2. the source of 
which is connected to terminal A2. Similarly, the gate 
of transistor 53 is connected to the drain of a transistor 
T1, the source of which is connected to terminal A1. 
Besides, the gate of transistor T2 is connected to the 
gate of transistor T2, the source of which is connected 
to terminal A1 and the drain to its gate and to the supply 
terminal Vcc (for example 10 volts) through a resistor 
R'2. Similarly, the gate of transistor T1 is connected to 
the gate of a transistor T1, the source of which is con 
nected to terminal A2 and the drain to its gate and to 
terminal Vcc through a resistor R1. Lastly, the gate 
terminal of transistor 52 and the drain terminal of tran 
sistor T2 are connected to terminal Vcc through a resis 
tor R2 and the common terminal of gate of transistor 53 
and of the drain of transistor T1 is connected to terminal 
Vcc through a resistor R1. Transistors T1, T1, T2, T2, 
52, 53 and 50 have the same substrate. 

This circuit operates as follows: 
Resistor R1 injects a current (Vcc-VT)/R'1 into 

transistor T1. The drain of transistor T1 is therefore 
biased at +VT (threshold voltage of a MOS transistor). 
The voltage on the gate of transistor T1 is then also 
biased at --VT. 

If the voltage on terminal A1 is positive with respect 
to the voltage on terminal A2, the source of transistor 
T1 is then positive. The gate/source voltage of transis 
tor T1 is therefore lower than VT and this transistor T1 
is blocked. The gate of transistor 53 is then connected to 
terminal Vcc through resistor R1, which causes this 
transistor 53 to become conductive. Resistor R'2 injects 
a current (Vcc-VT)/R'2 into transistor T2, the gate of 
which is biased at a threshold voltage VT above termi 
nal A1 which is positive with respect to terminal A2; 
the gate/source voltage of transistor T2 is then higher 
than VT; therefore, transistor T2 is conductive and 
transistor 52 is blocked. As a result, the substrate of 
transistor 50 is connected to terminal A2, which is the 
desired objective. 

If the voltage on terminal A1 is lower than the volt 
age on terminal A2, the source of transistor T1 is nega 
tive. The gate/source voltage of this transistor T1 is 
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therefore higher than the threshold voltage of a MOS 
transistor (VT) and this transistor is conductive. The 
gate of transistor 53 is therefore connected to terminal 
A1 through transistor T1 and this transistor is blocked. 
The substrate of transistor 50 is therefore no longer 5 
grounded but is connected to terminal A1 since in that 
case, as desired, transistor 52 is conductive. 
FIG. 8 is a schematic sectional view of an exemplary 

embodiment of the structure shown in the form of a 
circuit diagram in FIG. 7A. This section view shows a 10 
P well 60 constituting the substrate of the MOS transis 
tor 50. Conventionally, this transistor 50 comprises in 
well 60 two N-type regions 61 and 62 corresponding to 
electrodes A1 and A2 that are liable to be put in con 
ductive state through a gate G1. The first main region 15 
61 also constitutes the first main region of the first auxil 
iary transistor 52, the second main region 63 of which is 
connected by means of a metallization 64 to a P-type 
overdoped area realizing a shorting with the substrate. 
Similarly, the second auxiliary transistor 53 has its first 
main region corresponding to diffusion 62 and its sec 
ond main region 66 is connected by a metallization 67 to 
a substrate contact 68. 

Gates g1 and g2 of the auxiliary MOS transistors 52 
and 53 are connected to inverting and amplifying com 
ponents such as illustrated in FIG. 7B and which can be 
realized in the same well 60 as the remaining portion of 
the structure. 

Thus, when the voltage on terminal A1 is higher than 
the voltage on terminal A2, the section view shown in 
FIG. 8 becomes equivalent to that illustrated in FIG. 9 
since gate g3 functions so as to establish a conduction 
between areas 62 and 66 while areas 61 and 63 are iso 
lated. According to this configuration, terminal A2 is is 
connected to the voltage of the well (substrate). 

FIG. 10 shows the case the voltage on terminal A1 is 
on the contrary lower than voltage A2; terminal A1 is 
then at the voltage of the well. 
FIGS. 11 and 12 show an application of the compos- 40 

ite transistor according to the invention as an active 
free-wheel diode replacing the MOS transistor 40 used 
as an active free-wheel diode in FIG. 4. The compo 
nents common to FIGS. 11 and 12 are labelled with the 
same references. 45 
FIG. 11 shows the case the power MOS transistor 12 

is conductive and the MOS transistor 50 is blocked. In 
that case, as shown by dotted lines, the current flows 
from the current source through the power MOS tran 
sistor 12 to load 2. The voltage on terminal A1 is higher 50 
than the voltage on terminal A2; terminal A2 is there 
fore connected to the substrate (well). In this configura 
tion, as in the case of FIG. 4, there is a parasitic transis 
tor 35. The emitter of the parasitic transistor corre 
sponds to region 61 (terminal A1), its base to well 60 55 
and its collector to the drain of the power transistor. In 
this case, as in case of FIGS. 4 and 5, this transistor 35 
has no impairing effect since its base/emitter junction is 
reverse biased. 
FIG. 12 shows the structure in case the power transis- 60 

tor 12 is blocked and transistor 51 is conductive. In that 
case, the voltage on terminal A1 is lower than the volt 
age on terminal A2. Terminal A1 is therefore connected 
to substrate 60 of transistor 50 (see FIG. 10). Conse 
quently, the parasitic transistor 35 has its emitter con- 65 
nected to its base, that is, it no longer has a transistor 
function and is equivalent to a simple conductive diode 
from terminal A1 towards the positive supply terminal, 

20 

25 

6 
that is, a diode in parallel on the normal reverse diode of 
the power transistor. 
Owing to the invention, even if the voltage drop 

across the terminals of the MOS transistor 50 is non 
negligible, no parasitic effects can occur. This is an 
advantage because it is then possible to have the free 
wheel current rapidly decreased by increasing the resis 
tance of transistor 51 by acting on its gate or by posi 
tioning a resistor in series with the transistor, which 
would have been impossible in the case of configura 
tions illustrated in FIGS. 3 and 5 because the parasitic 
bipolar transistor 35 would have become conductive 
and would have impaired the system operation. It is 
therefore possible to use a transistor 50 with a very 
small surface having a substantially high resistance 
value at the conductive state. 
Another advantage of the active diode according to 

the invention is that, in the cases illustrated in FIGS. 3 
and 4, if there is a polarity reversal of the current Source 
3, a very high reverse current will flow through the 
active diode and the source/drain parallel diode of the 
power MOS transistor, and/or in the parasitic bipolar 
transistor. It is not possible to block this reverse current 
since, unavoidably, the parasitic bipolar transistor 
would start operating, which may cause the destruction 
of the component. However, according to the inven 
tion, in the case of polarity reversal, it is possible to 
block transistor 50 and no parasitic bipolar transistor 
will interfere. 
Of course, the invention is liable of numerous variants 

and modifications which will be apparent to those 
skilled in the art. Especially, a specific circuit for the 
control of transistor 50 has been described as part of the 
composite MOS transistor according to the invention. 
Those skilled in the art will notice that components 
other than a comparator and an inverter are usable. 

Besides, when it is desired to block transistor 50 ac 
cording to the invention, in order to stop the current in 
the free-wheel, if transistor 50 operates in an all or noth 
ing mode, it is possible to provide for a threshold diode 
in parallel on this transistor. 
Moreover, it will be noted that the presence of a 

parasitic bipolar transistor, such as transistor 35 herein 
above described, is not specific to the technology of 
power MOS transistors disclosed in relation with FIG. 
2, namely, a vertical diffused MOS transistor technol 
ogy. The same problem is encountered in other struc 
tures, for example in structures called semi-vertical 
MOS transistor, wherein the N area instead of consti 
tuting the rear surface of a component constitutes a 
pocket including the power transistor area, this pocket 
being in turn formed in a P-type area. 

Lastly, in the above description, one has considered 
the case all the MOS transistors were N-channel en 
hanced MOS transistors. The invention is also usable in 
case some or all the MOS transistors are of different 
types, by adequately modifying the applied polarities. 

I claim: 
1. An integrated circuit comprising, a substrate area 

of a first conductivity type, a composite MOS transistor 
on the substrate area, the transistor including first and 
second main electrode regions of the second conductiv 
ity type, one of said regions selectively being at a lower 
potential than the other of said regions as a function of 
conditions of elements of the integrated circuit con 
nected to the composite transistor, and means for con 
necting the region having the lowest potential at any 
particular time to the substrate area via a relatively low 
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impedance path while providing a relatively high impe 
dance path between the other region and the substrate 
362. 

2. The circuit of claim 1 further including a voltage 
comparator having inputs connected to be responsive to 
voltages at the main electrodes of said composite tran 
sistor, the first and second main electrode regions of 
said composite MOS transistor being respectively con 
nected to a first main terminal of each first and second 
auxiliary MOS transistors having second main terminals 
connected to the substrate area, said first and second 
auxiliary transistors having gates controlled by an out 
put of the comparator. 

3. The circuit of claim 2 wherein said main electrodes 
correspond to diffusions of the second conductivity 
type in a well of the first conductivity type, the second 
main terminals of said auxiliary transistors being con 
nected to diffusions of said first conductivity type and 
having a high doping level, said diffusions being formed 
in said substrate area. 

4. In combination, a substrate of a first conductivity 
type, a well in the substrate of a conductivity type oppo 
site to that of the substrate, a free-wheeling monolithic 
diode formed in the substrate as a vertical power tran 
sistor including a composite transistor, the composite 
transistor including first and second main electrode 
regions and a substrate area of the second conductivity 
type, one of said regions selectively being at a lower 
potential than the other of said regions as a function of 
conditions of elements of the integrated circuit con 
nected to the composite transistor, and means for con 
necting the region having the lowest potential at any 
particular time to the substrate via a relatively low 
impedance path while providing a relatively high impe 
dance path between the other region and the substrate 
area, the first main electrode being connected to a 
source terminal of the power transistor usually con 
nected to a first terminal of an external load, the second 
main electrode being connected to an access terminal 
for a second terminal of the load, the gate being con 
trolled in phase opposition to the gate of the power 
transistor. 

5. An integrated circuit comprising a substrate area 
having a first conductivity type, a composite MOS 
transistor on the substrate area, said transistor including 
a gate electrode responsive to a signal source, and first 
and second main electrode regions of a second conduc 
tivity type forming junctions with the substrate area, a 
single pole, double throw semiconductor switch having 
segments on the substrate area responsive to the voltage 
between the first and second main electrode regions, the 
substrate area forming a first terminal of the switch, the 
switch providing a low impedance path between the 
first region and the substrate area in response to the 
voltage of the first region being less than the voltage of 
the second region while providing a high impedance 
path between the second region and the substrate area 
and providing a low impedance path between the sec 
ond region to the substrate area in response to the volt 
age of the second region being less than the voltage of 
the first region while providing a high impedance path 
between the first region and the substrate area. 

6. The circuit of claim 5 wherein the switch includes 
second and third MOS transistors in the substrate area, 
and means responsive to the voltage between the first 
and second main electrode regions for providing a rela 

10 

15 

20 

30 

35 

45 

50 

55 

60 

65 

8 
tively low impedance source drain path for one of the 
second and third transistors while a source drain path of 
the other of the second and third transistors has a rela 
tively high impedance in response to the voltage of the 
first main electrode region exceeding the voltage of the 
second main electrode region and vice versa in response 
to the voltage of the Second main electrode region ex 
ceeding the voltage of the first main electrode region. 

7. An integrated circuit comprising a substrate area 
having a first conductivity type and including first, 
second and third MOS transistors; the first transistor 
including first and second regions having a second con 
ductivity type contacting the substrate area and spaced 
from each other by a first channel in the substrate area, 
a first gate electrode between the first and second re 
gions controlling the conductivity of the first channel, 
first and second ohmic contacts respectively on the first 
and second regions; the second transistor including the 
first region as well as third and fourth contacting oppo 
site conductivity type regions contacting the substrate 
area, the first and third regions being of the same con 
ductivity type and spaced from each other by a second 
channel in the substrate area, a second gate electrode 
between the first and third regions controlling the con 
ductivity of the second channel, a third ohmic contact 
on the third and fourth regions; the third transistor 
including the second region as well as fifth and sixth 
contacting opposite conductivity type regions contact 
ing the substrate area, the second and fifth regions being 
of the same conductivity type and spaced from each 
other by a third channel in the substrate area, a third 
gate electrode between the second and fifth regions 
controlling the conductivity of the third channel, a 
fourth ohmic contact on the fifth and sixth regions. 

8. The circuit of claim 7 wherein the fourth and sixth 
regions have greater conductivity than the substrate 
aC3. 

9. The circuit of claim 8 further including means 
responsive to the relative voltages at the first and Sec 
ond contacts for applying voltages to the second and 
third gate electrodes so that (a) the second and third 
channels have relatively low and high impedances in 
response to the voltage at second contact exceeding the 
voltage at the first contact to effectively connect the 
first contact to the substrate area to the exclusion of the 
second contact and (b) the second and third channels 
have relatively high and low impedances in response to 
the voltage at the first contact exceeding the voltage at 
the second contact to effectively connect the second 
contact to the substrate area to the exclusion of the first 
COntact. 

10. The circuit of claim 7 further including means 
responsive to the relative voltages at the first and sec 
ond contacts for applying voltages to the second and 
third gate electrodes so that (a) the second and third 
channels have relatively low and high impedances in 
response to the voltage at second contact exceeding the 
voltage at the first contact to effectively connect the 
first contact to the substrate area to the exclusion of the 
second contact and (b) the second and third channels 
have relatively high and low impedances in response to 
the voltage at the first contact exceeding the voltage at 
the second contact to effectively connect the second 
contact to the substrate area to the exclusion of the first 
COntact. 


